A growing body of literature highlights the importance of writing in the development of 21st-century dispositions and skills that involve reorganizing and generating new knowledge (Chuy, Scardamalia, & Bereiter, 2012; ) . However, while a number of scholars have provided a convincing case for how writing competence is fundamental to fostering these 21 st Century dispositions and skills (Hand, Lawrence, & Yore, 2010; MacArthur, Graham, & Fitzgerald, 2008; Moje, 2011; Norris & Phillips, 2003 , as several recent studies have shown, secondary level science teachers typically pay little attention to writing or to the potential different kinds of writing tasks might offer forstudents' development of both writing competencies and content knowledge (Rijlaarsdam, Couzijn, Janssen, Braaksma, & Kieft, 2006; Wellington & Osborne, 2001 ). Furthermore, as Pearson et al. found (2010) many secondary science teachers see reading and writing as universal skills that are developed elsewhere (namely in English Language Arts classrooms) and do not understand how to use writing to teach their adolescent students the unique ways thatmeaning is communicated in the scientific community. This scenario is changing however. In the United States, the Common Core State Standards (CCSS) for literacy (adopted by the majority of states) emphasize writing in the core disciplines -including science (National Governors Association Center for Best Practices & Council of Chief State School Officers, 2010) . Specifically, the CCSS stress developing students' abilities to examine and convey complex ideas clearly and accurately, produce writing appropriate to different purposes and audiences, and draw evidence from sources to support claims (National Governors Association Center for Best Practices & Council of Chief State School Officers, 2010) . In addition, the recently published Next Generation Science Standards (NGSS) require students to engage in the practice of "obtaining, evaluating and communicating information" (Achieve, 2012) . Both the CCSS and the NGSS mark a shift in the emphasis being placed on disciplinary writing and highlight what some studies on writing in secondary science classrooms have suggested: writing is an important, perhaps critical, component of learning to "do" science and think like a scientist (Hand & Prain, 2002; Metz, 2006; Porter et al., 2010) .
In science, providing a claim and evidence of a claim, for example, represents a particular way of knowing (i.e., epistemology). However, to what extent science teachers and their students understand the relationships of what they write and how they write to the work of scientists in reorganizing and generating knowledge has come under question. Scholars such as Prain and Hand (1999) have noted students oftentimes demonstrate a "limited capacity to explain how knowledge claims are established in science in relation to learning through writing, or to understand how writing could act as an epistemological tool" (p. 160). These findings suggest that students need more support in engaging in writing that can function as an instrument for knowledge reorganization and generation as in and through these writing activities the epistemologies undergirding scientific disciplines become enacted. The concept of epistemic complexity becomes salient here.
Since we were interested in the qualities of writing adolescent students were producing in their science classes with a particular concern for ways scientific knowledge was being represented in their written work, we turned to the concept of epistemic complexity following the work of Hakkarainen (1998 Hakkarainen ( , 2003 and Zhang et al. (2007) . In this vein of inquiry, epistemic complexity provides a way to characterize how writing functions as an instrument for knowledge representation. Epistemic complexity isa tool to measure the extent to which a writer explains phenomena, postulates causes, reasons and other relations or theories related to scientific phenomena (Hakkaranien, 2003; Kelly & Takao, 2002; Kuhn, 1993; Salmon, 1984) . Epistemic complexity can be measuredon a scale from simple descriptions of scientific phenomena to increasingly more complex explanations of relationships of phenomena and analyses of phenomena that include arguments with claims and counterclaims, supporting evidence and warrants.
In sum, although the CCSS and NGSS raise expectations for writing in American secondary science classrooms, what kinds of writing adolescents should be expected to do in order to align to these standards is less clear. In an effort to explore this concern empirically, the study reported here sought to (1) characterize the extent to which adolescents' writing exhibited high levels of epistemic complexity (i.e., writing involving postulating causes, reasons and other relations or theories related to scientific phenomena), (2) determine whether the writing of students of different language backgrounds, grade levels, and school contexts differed with regard to levels of epistemic complexity evident in their writing, and (3) characterize the types of writing that exhibited higher levels of epistemic complexity. We pursued these questions in order to inform future research and efforts to improve the teaching of science writing in secondary school classrooms.
Science Discourse: Its Characteristics and Epistemological Foundations
The goal of science education may be considered twofold: not only mastery of scientific content and concepts but also learning how to engage in scientific discourse as to represent and generate new knowledge as expert scientists do (Bricker & Bell, 2009) . In this section we examine the literature establishing how knowledge representation and generation is viewed in the scientific domain.
Descriptions of observable phenomena and explanations of theory are common elements of scientific discourse (Kuhn, 2010 , Rijlaarsdam et. al., 2006 . However, teaching students to describe phenomena and explain theory without knowledge of how they are related to each other is problematic for a variety of reasons. As Kuhn et al. (2008) explain, contemporary science education emphasizes the importance of developing scientific reasoning skills as well. Theoretically, through the development of reasoning skills, students would learn to clarify and reorganize their understandings of scientific phenomena and theories and thus enhance their understandings of them.
While doing this work, they will also deepen their understandings of the epistemological foundations of science.
Learning to engage in discourse that involves scientific reasoning requires learners to not only describe phenomena or explain a theory but also connect pieces of information and describe causal relationships (Hempel, 1965; Salmon, 1978) . To do so, as Salmon (1978) asserts, advanced science discourse goes beyond mere description and explanation as it embraces two powerful processes. First, explanation of a phenomenon "…essentially involves locating and identifying its cause or causes" (p. 685). Causal relationships are typically established directly from observation in various contexts rather than a single one and in turn these observations are likely to generate the second process-"subsumption under law" (p. 685). On a higher cognitive plane, general law arises from theoretical science which not only explains a concrete/observable phenomenon or theory, but also predicts what may happen under a specific situation and the possibility of some outcome or alternative. As scientists articulate these cause-effect sequences and their potential outcomes, they engage in reorganizing and generating new knowledge. For science learners, engaging in writing that requires articulations that go beyond mere descriptions of phenomena or theories can afford them the opportunity to comprehend and elaborate the hidden theoretical mechanisms of the material world, and thus, reorganize and generate science knowledge.
In a synthesis of research examining epistemological understanding in science, Kuhn et al. (2000) posit that there are four levels (i.e., realist, absolutist, multiplist, and evaluativist) moving from subjective understanding in the immature learner through a balance of objective and subjective understanding in the more mature learner. A realist perspective does not involve critical thinking, yet the evaluativist is characterized by seeing knowledge as something generated by human minds which may be uncertain, requiring judgments that promote and even require sound assertions. Applying these levels to a study of learners ranging from elementary school through adult, the authors concluded that "reasoned argument is worthwhile and the most productive path to knowledge" (p.325).
While some scholars note that engaging younger learners in higher-order critical reasoning is difficult and oftentimes not addressed explicitly in coursework (Duschl, 2008; Sandoval, 2005) , adolescents can learn the complex cognitive processes of scientific discourse throughexplicit instruction in claim and counterclaim-both supported by evidence through argument and dialogue (Kuhn et al, 2009 ). Building on earlier research establishing that instructional emphasis on explanation may conflict with students' attention to the importance of evidence in justifying claims and observations (see, for example, Brem & Rips, 2000; Kuhn 1993 ), Kuhn and Crowell (2011) tested an intervention in which students were taught to engage in argumentation, explicitly being instructed in the skills and importance of claims and counterclaims justified with evidence. Findings suggested that students who engaged in dialogic argumentation demonstrated a higher quality of scientific reasoning in addition to greater awareness of the relevance of evidence to argument in scientific discourse. The authors concluded that the dialogic method of argumentation is valid for developing the cognitive skills required for scientific reasoning.
Research on the teaching of argument as a central component to how knowledge is constructed in the scientific community has been of particular interest to some scholars in the past couple of decades (Bicker &Brell, 2009 ). For example, the Toulman Argument Pattern (TAP) has been investigated with regard to how it might assist students in understanding scientific constructs and for assessing the quality of their written argumentation (Osborne et al., 2004) . Building on Toulman's emphasis on warrants and claims in science writing, Konstantinidou and Macagno (2013) theorized that argumentation schemes can be used for helping students analyze, reconstruct, and improve their reasoning skills, particularly as they adjust new understanding to connect with prior knowledge on a specific issue. The authors note that argumentation schemes are particularly applicable to science education in a two-step process. First, an argument is analyzed with the claims supporting the conclusion, and, second, constructing an argument requires that links to evidence and prior knowledge are identified, retrieved, and defined. In this multi-step process, "the student is requested to analyze and reflect on the notions underlying his reasoning about a specific scientific phenomenon" (p.1085).
This body of scholarship highlights that both explanation and argumentation are essential elements of how scientific knowledge is expressed, and that teaching students to engage in writing that requires these actions also involves engaging in the kinds of complex reasoning activities used by more expert scientists. As the studies highlighted here suggest, some kinds of writing activities have the potential to help students understand both what constitutes scientific understanding as well as develop the dispositions and skills to engage in advanced scientific discourse grounded in deep epistemological understandings.
The Nature of Science Writing Taught in Secondary School
How well do the types of writing adolescents create advance these deeper epistemological understandings and align with developing 21 st Century dispositions and skills in science as described in the CCSS and the NGSS? The relevant literature in this area is dominated by a focus on one particular type of writing: the laboratory report. The lab report has been of concern to researchers as it is a common type of writing required of secondary-and post-secondary-level students and essentially provides an outline for a particular technique, approach, and reasoning process called the scientific method. In one study of eighth grade students' experiences with writing lab reports, Keys (1998) revealed that although students generated hypotheses, examined patterns in data, and made general knowledge claims in response to the task of a lab report as they were explicitly instructed to do, the fixed structure of the task also constrained students' deep thinking into scientific problems. The aforementioned finding is problematic since as discussed in a report commissioned by the National Academy of the Sciences and the National Science Foundation, one of the purposes of the laboratory experiment is to promote an understanding of the complexity and ambiguity of scientific knowledge -or what aligns to the earlier-mentioned "evaluativist" perspective (Singer, Hilton, & Schweingruber, 2006) . With an interest in the potential of offering scaffolded writing tasks in prompting students to engage in more complex thinking in their writing, Hand, Wallace, and Yang (2004) The results of their analysis of students' retrospective accounts of writing in response to these questions as part of their laboratory report task suggest that such an approach positively impacted students' understandings of the rhetorical features of a scientific claim and argument and that such writing enhanced their learning of the science content. This research draws attention to the potential for such heuristics to encourage better writing and deeper thinking about scientific content in contrast to the less promising, standard lab report assignment. The body of research we have explored here illustrates that writing in science can foster both higher levels of scientific reasoning and understanding of content. However, outside the study of which this one is part very few researchers have investigatedthe qualities of secondary school students' science writing in a variety of school contexts and among students in different grade levels and from different language backgrounds. Further, no other studies have investigated the writing of adolescents in schools with histories of exemplary writing performance as to provide potential exemplars of adolescent writing that align with the higher standards for disciplinary writing as described in the CCSS and NGSS (Nachowitz, 2013 ) .
Theoretical Framework
Sociocultural theory provides a lens through which we may deepen our understanding of scientific writing and the contexts that produce varying levels of epistemic complexity in student writing. A growing body of literature has focused on investigating science education from a sociocultural perspective (Green & Dixon, 1993; JimenezAleixandre et al., 2000; Kelly & Bazerman, 2003; Kelly, Chen, & Crawford, 1998; Kelly & Crawford, 1997; Lemke, 1990) . By adopting methods including ethnography, discourse analysis, ethnomethodology, and others these studies understand that learning science is a sociocultural activity where disciplinary knowledge is constructed in a community culture through a variety of oral, aural, visual, and written activities. This perspective views members of the scientific community as ascribing meaning to the processes, artifacts, practices, and signs and symbols that they construct in and through their activities and in discourse traditions that have developed over time and oftentimes in unique ways.
Discourse plays an important role in socializing learners into a disciplinary community. As Lemke (1990) explained, speaking, writing, drawing, calculating, and experimenting, are conduits through which the "conceptual systems" and the "scientific theories" are taught and learned. Thus, science writing (along with other forms of discourse), from a sociocultural perspective, is seen as a potentially powerful activity for developing understandings of the epistemological foundations of science. Conceiving of science as a "special way of talking about some set of topics" (Lemke, 1990, p. 155) connects the learning of science to learning the particular uses of scientific language. Mastering scientific discourse in ways that allow for generation of new knowledge involves more than describing content, concepts, or theories, as Lemke explained, "it is a matter of the ways these special words are used together, the semantic relations we construct among them when we use them" (p. 155).
In alignment with a sociocultural framing that takes into account the ways discourse reflects and is embedded in the development of complex ways of understanding science and generating new scientific knowledge, we investigated the following research questions: (1) How is epistemic complexity reflected in adolescents' writing?; (2) How does the level of epistemic complexity differ by adolescents' language background, grade level, and educational context?; and (3) What is the nature of the relationship of types of writing and higher or lower levels of epistemic complexity?
Method
The current mixed-method study was embedded in a National Study of Writing Instruction which researched the teaching and learning of writing in middle and high school settings across the United States. The national study aimed, in large part, to track changes in approaches to writing instruction from a study conducted in 1981 (Applebee) , and to investigate the extent to which student characteristics (e.g., achievement histories, grade level, language background) and school contexts relate to different writing experiences and outcomes.
The Larger Study Sample
Criteria used to identify the sample for the larger study included (1) diversity in state requirements for writing and (2) schools' histories of performance in writing. With regard to diversity in state contexts, the larger study sought to include states that had different requirements for writing in their high stakes, exit-level assessments; California, Kentucky, Michigan, New York, and Texas were chosen for this reason. Within this sample, New York was the only state that required writing of a paragraph or more in science and mathematics on the secondary exit exam. Kentucky offered the option to include science writing as part of a portfolio assessment and other states included writing in English Language Arts only, and each state with slightly different emphases in genres expected. Second, since one of the objectives of the larger study was to investigate potentially better-case scenarios for secondary level writing, schools with histories of exemplary writing performance on exit-level exams that were also nominated by leaders in the field of English as having traditions of excellence in the teachingof writing were considered for inclusion. Unlike traditional corpus studies that seek to attain a representative sample of writing, the intent of this sampling method was to highlight writing produced in a variety of diverse, yet unique schools in terms of being characterized as historically exemplary in English Language Arts performance.
Current Study Sample
Because one of our interests was in the experiences of both native English speaking and English learner students, of the five states included in the larger study, this study drew on data collected in the three most linguistically diverse states: New York, California, and Texas. Both Michigan and Kentucky were eliminated from the current study since the sample of students from those states did not include both native English speaking and English learner participants in all of the grade levels of interest (6 th , 8 th , 10 th , and 12 th ). Therefore, while the larger study included 14 students from California, 20 from New York, and 36 from Texas, we selected 11 students from each of the three states, totaling 33 students on which to focus our analyses. This purposive sample took into account the following criteria: the total number of pieces of writing from students in the current study was representative of the total number of pieces of writing produced by students in the larger sample, inclusion of all target grade levels (i.e., 6 th , 8 th , 10 th , and 12 th ), both native English speakers (NES) and English learners (ELs), and both males and females (see Table 1 ). The schools these students attended varied in size and demography as can be seen in Appendix A. Of these schools, several had support from school administration in implementing writing across the curriculum programs (e.g., Albert Leonard in New York) and others had faculty with strong ties to the National Writing Project which provided ongoing support for the development of teachers' writing pedagogy (e.g., King Drew in California). Two schools stood out from the others in the extent of their ties with external, teacher professional development: King Drew High School in California, a magnet school with a science and health theme had particularly close and ongoing ties with the University of California Los Angeles (UCLA) Writing Project. Grisham Middle School, like all the schools in the Austin Unified School District, had extensive support from the local Math/Science Collaborative run by the local university and featured extensive and ongoing faculty training in teaching laboratory report writing from grades one through twelve. 
Data Collection
The 33 students in this study produced 304 pieces of writing in their science classes over an approximately 13 week term (half of a school year). This writing included worksheets, short-answer responses, and class notes as well as more extended writing such as lab reports. Collection procedures were adapted to the particular relationships at each school site. In some cases the on-site coordinator collected the work from subject-area teachers on a regular schedule; in others, the focal students brought their work individually to the on-site coordinator for forwarding to the research team. In either case, the originals were returned to the students and copies forwarded on a regular basis to the field researchers. As data were received at the research center, they were inventoried by staff and entered into SPSS as described below and in further detail in the larger study methods and procedures document available online (Applebee & Langer, 2011) .
Data Analysis
Our procedure for the analysis of students' written work was four-fold. To begin, the students' writing was first categorized by type based upon Applebee's 1981 study which framed the larger national study of which this one is part. Types were defined as mechanical, informational, personal, and imaginative (see Appendix B). Next, based on hierarchies for epistemic complexity used in previous studies (e.g., Hakkarainen, 1998; Webb, 2002) , one of the research team members coded the 304 pieces of writing on a five-point scale with writing at the lowest level (i.e., level one) showing evidence of separated pieces of information, and writing at the highest level showing evidence of postulating causes, reasons and other relations or theories related to scientific content. The two highest levels (four and five) are where explanations of phenomena that might include arguments with claims and counterclaims, supporting evidence and warrants are evidenced. The categories of epistemic complexity we used in this analysis, which are slightly modified from those used by other researchers, are defined in Table 2 . The unit of analysis is participant (n=33), whose level of epistemic complexity (EC) was defined as dependent variable, and language background (LAG), grade level (grade), and school context (STA) were independent variables. Each participant's level of epistemic complexity (EC) was calculated as a weighted average, as the number was the number of written items in a level, and the weight was the level of epistemic complexity (1-5). For example, if a student produced 6 items at level 1, 5 items at level 2, 20 items at level 3, 1 item at level 4, and 2 items at level 5, then his weighted average of the level of epistemic complexity is: (6*1+5*2+20*3+1*4+2*5)/(6+5+20+1+2)=2.65. In our sample, five students had fewer than 2 pieces of writing; therefore, we ran the ANOVA tests again to exclude the 5 students and compared the results with the larger sample. We also used SPSS to examine whether there was a normal distribution across the data set, and results showed that the data met the assumptions of ANOVA (data were normally distributed).
Finally, once we identified patterns of epistemic complexity across the writing of students with different language backgrounds, grades, and school contexts, we crafted descriptive illustrative cases of epistemic complexity (Yin, 2005) .
Findings
In response to our first research question (How is epistemic complexity reflected in adolescents' writing?), we found that little of the writing in our sample from schools with histories of exemplary performance in writing represented higher levels of epistemic complexity. Overall, the average level of epistemic complexity in students' writing was 1.7 (between separated pieces of facts and partially organized facts) on the scale (Level 1: Separated pieces of facts; Level 2: Partially-organized facts; Level 3: Well-organized facts' Level 4: Partial explanation; Level 5: Well organized explanation).
We used the categories of mechanical, informational, personal, and imaginative (defined in Appendix B) to parse the sample. Table 3 shows the break-down of levels of epistemic complexity by these categories.
Within the category of mechanical writing, more than half of the sample fell into the first level of epistemic complexity in the subcategories of short answer questions, fill-in-the-blank exercises, and symbolic representation. Short answer questions were the only type of mechanical writing at levels 4 and 5 and the percentage was quite low (3.4% and 1.1%). In contrast, the complexity level reflected in the informational writing was relatively high, especially in the subcategory of reading reflections and analyses. Students' writing showed at least some degree of explanation from 1.3% (in the subcategory of notes) to 47.4% (in the subcategory of reading reflections). Personal diary was the only subcategory identified in personal writing and this was indexed at the lower levels (one, two, and three). 
Epistemic Complexity by Language Background, Grade Level, and School Context
With regard to our second question (How does the level of epistemic complexity differ by adolescents' language background, grade level, and educational context?), we found some differences evident in the levels of epistemic complexity by students' language backgrounds, grade levels, and school contexts although only school context was found to be a statistically significant factor. It is important to note, as we will discuss later in the limitations section, that tests for statistical significance are weak on such a small sample. Nonetheless, we found that although the mean level of epistemic complexity reflected in NESs' writing was higher than that in ELs' writing, there was no statistically significant difference in epistemic complexity among students of different language backgrounds. In addition, while there was no statistical significance in epistemic complexity by students' grade levels, the levels of epistemic complexity rise slightly by grade level from 1.49 at 6th grade to 2.17 at 12 th grade. Finally, the mean level of epistemic complexity in the writing of students from California, Texas, and New York was 1.98, 1.24, and 1.93, respectively and the mean level of complexity in writing of students from the three states was statistically significant. A Scheffé test was performed to further identify where the statistical significance lay, and results showed that the difference existed between the level of epistemic complexity in the writing of students from California and Texas (p = 0.05; SE = 0.28). ANOVA tests generated the same results of the statistical significance with regard to students' language background, grade level, and school context, when we excluded the five students with fewer than two pieces of writing. These results can be seen in Table 4 . 
The Nature of Epistemic Complexity in Different Types of Writing
Our third research question explored the nature of writing that exhibited lower and higher levels of epistemic complexity with particular interest in the kinds of writing in which adolescents moved beyond explanation (levels one, two, and three) to postulating causes, reasons and other relations or theories related to scientific phenomena (levels four and five). Here we begin by describing some examples of the types of mechanical writing we examined more closely (e.g., short answer and symbolic writing) and follow with examples of informational writing (e.g., reading reflections and labs) that illustrate contrasts in the types of writing associated with higher and lower levels of epistemic complexity.
Mechanical writing: Sometimes, but not always simple
As noted earlier, even though the students participating in the study produced a variety of writing in science classes, most of this work was mechanical in nature which did not require going beyond explanation. While much of the mechanical writing in our sample was indexed at the lowest level (level one) of epistemic complexity, and generally was indexed lower than informational writing, some types of mechanical writing exhibited higher levels of epistemic complexity and we were particularly interested in these. In some cases it appears that the higher level of epistemic complexity in the writing was as a result of the type of task and in other cases was related to the nature of the prompt.
Short answers and symbols: From lists to relationships
Of the mechanical writing in our sample, the majority was in the form of textbook, chapter review questions that are usually taken directly from the text or a pre-printed teacher's guide. These tasks require students to answer with one word or a short phrase. The pieces of mechanical writing in our sample generally did not exhibit high levels of epistemic complexity evidenced by the analysis of ideas in order to explain causal or other relationships or theorizing about these relationships. An example of such a textbook chapter review task found in the samples produced from a sixth grade classroom in Texas asked students to define non-renewable resources. An English learner in this class responded with the following phrase: "not replaced as it is being used. Ex. fossil fuels, metal (recycle), uranium)". This exemplifies epistemic complexity of level one. In contrast, some mechanical pieces such as short answer and symbolic writing qualified as levels two and three on our scale. In one such short answer example, produced in an Honors Chemistry class and in response to the prompt: "concepts to learn for this experiment." a 10 th grade, native English speaker from California wrote, "Some solutions conduct electricity, only ionic compounds conduct electricity because of the presence of ions." The epistemic complexity here is level two showing evidence of making a causal explanation between scientific concepts. While 61.1% of writing coded as symbolic was indexed at level one in terms of epistemic complexity, 33.3% of these kinds of writing were indexed at level three. These level three symbolic writing samples demonstrated well-organized descriptive information. For example, a sixth grade EL from Texas produced an elaborate diagram of the geological dimensions and relationships between igneous and sedimentary rock and how geological forces, such as volcanic activity, produce molten material ( Figure  2 ). This piece was indexed at level three as the student did not only list terms, but also connected these terms by providing details as to their relationships. In another example, a native English speaking senior from California, drew directional lines to articulate the relationship between phase changes as liquid moves through the three states of matter. In this example, like the previous one, single words were used to capture elements of the phase changes between states of matter.
Thus, not all mechanical writing in our sample was simple; in some cases short answer and symbolic writing was related to higher complexity requiring the reorganization of information. However, this writing fell short of providing evidence of claims, counterclaims, and the provision of evidence to support claims. These two examples of reading reflections required students to analyze different texts, synthesize information, and articulate their explanations with different audiences and purposes in mind. The demands of these reading reflections are not simply "what did you learn?"; These tasks, synthesizing popular science writing and reflecting on the implications, and recasting a research report into a radio biography invited students to fulfill many of the demands of the Common Core State Standards and the Next Generation Science Standards described at the beginning of this article.
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Lab reports
Like reading response, lab reports also varied in the levels of epistemic complexity. The lab report, a hallmark of secondary science classwork, typically engages students in articulating phases of the scientific method (e.g., identifying problems, hypothesizing, articulating procedures, and making conclusions based on evidence). In one case, Dave, a low achieving, native English speaking student from New York, produced a response to a lab assignment on water in a typed response. In this assignment and working with another student, Dave summarized the conclusions, but also added an "error analysis" section making inferences about why he and his lab partner may have found different results in their data compared to other students ( Figure 5 ). Dave and his partner write: "In the lad [sic] an error could have occurred when we weighted the items. We also could have not heated the crystals enough to get rid of all the water." This piece of writing was indexed at level three, relatively high, which would not have been the case if the writing prompt itself did not call for identifying flaws in lab procedures invoking what was discussed earlier as movement toward an evaluativist stance where scientific knowledge is understood and explained as tentative and contingent.Lab reports, though, did not always correlate with higher levels of epistemic complexity. The majority of lab report writing in our sample was tightly scripted, leaving little room for students to explain the phenomenon they were observing. Note that 61.3% of all lab writing from our sample was indexed at level one and 17.3% was categorized at level two. As evidence of this pattern, Shane, one of the ELs from New York, engaged in a "Redox Reactions" lab and was prompted to burn copper over a flame and describe the reaction that occurred. Shane writes "the copper quickly burned, producing a yellow flame." The entirety of the lab report asks students for short descriptions of observations such as this one, but only asks students to construct a chemical equation to represent the observed reaction, resulting in symbolic writing. Nowhere throughout the lab is Shane asked to draw conclusions, recognize patterns, or make inferences about his observation of natural phenomena and he does not do so. The chemical equations demonstrate to the teacher grading the assignment that Shane can construct balanced c hemical equations, likely meeting a major learning objective of this tas reasoning
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As to us within the sample; however, this was oftentimes not the case. In any event, we could not systematically analyze the tasks and prompts that would have provided interesting insight into the relationships of the nature of tasks and prompts and the qualities of the writing students produced in terms of epistemic complexity. We also did not have access to what materials students may have used in preparation for their writing and these materials may have influenced what they wrote such as in the case of paraphrasing the language used in a source text. Therefore, whether a student actually was engaging in a particular kind of reasoning or mimicking the reasoning of another writer in their written work is unclear. Finally, the scale of epistemic complexity we utilized is only one option that inevitably takes some things into account and not others. So, for instance, although the example of the metaphor of Tungsten as a political candidate was scored fairly high on the scale of epistemic complexity we used, it might be viewed as a simple description using other measures.
Discussion
We found that the types of writing secondary students in our study produced were generally not of high levels of epistemic complexity. This is particularly true of English learners, students at the lower grades (6 th and 8 th ), and students in some school contexts where there appears to be little emphasis on more complex writing in science classrooms.
Although the total amount of writing English learners produced was more than that of native English speakers, EL writing was largely mechanical and fell into levels one and two while native English speaking students produced a higher percentage of informational writing and overall their writing was more complex although these differences were not statistically significant. Nevertheless, this finding suggests that language background related to differences in the complexity of adolescents' science writing to some extent. This finding raises questions as to whether the root of this contrast is in different opportunities for writing, English learners' stage of language development, or some combination of a variety of these and other factors.
Like the differences in epistemic complexity by language background, differences by grade level were also not significant. However, the pattern that we noted showed an increase in complexity evident in the writing of upper-classmen (i.e.,12 th graders) in comparison with students in lower grades. Indeed, one would expect that epistemic complexity would be higher as students progressed in their schooling and this was the case in our sample. Whether this was due to teachers' expectations, students' in-school and out-of-school experiences, or some variety of other factors is unclear from our data. The findings regarding differences by school contexts (e.g., students from New York produced the highest percentage of informational writing and writing of higher epistemic complexity in science overall than those in other states) may relate to the fact that New York was the only state which had open-response questions on the high stakes exit exam in science. This finding raises further questions as to the influence of high stakes exams on teachers' expectations for writing and instructional emphases in secondary science classrooms.
Our analyses revealed that mechanical writing was associated with lower levels of epistemic complexity in comparison to informational writing. Yet, while overall, mechanical writing was associated with lower levels of epistemic complexity, it was not exclusive of more complex explanations of relationships or theorizing about scientific concepts. In fact, some of the student writing categorized as mechanical did require some more complex articulations; albeit the examples of these were limited. Likewise, we found that not all informational writing was complex; both reading reflections and lab reports were associated with varying levels of complexity and in some cases this appeared to relate to the task structure and in others the quality of the prompt. In this regard, prompts that were characterized by invitations for students to manipulate and make sense of content demonstrated higher levels of epistemic complexity.
Although the results of this study are not generalizable to the writing experiences of all secondary adolescents in the United States, they highlight the nature of writing in terms of epistemic complexity among students in a set of schools identified for exemplary writing performance (potentially better-case scenario contexts) that nonetheless produced writing at fairly low levels of epistemic complexity. The finding that the sample showed evidence of a paucity of epistemically-complex science writing overall, and a preponderance of writing at lower levels of epistemic complexity particularly in the samples from English learners and middle-level students and those from contexts where writing in science is not as strongly emphasized in high stakes exams hold implications for future research and practice.
Conclusion
From a sociocultural perspective, our study highlights the myriad ways adolescents were engaged in making sense of scientific phenomena in their writing, yet also revealed that of all of the writing they produced, very little of it involved wrestling with scientific problems as more expert scientists do. This finding draws attention to the concerns outlined at the beginning of this article with regard to how well adolescents are developing 21
st Century skills and dispositions toward writing in the academic disciplines and how well they are being prepared to engage in writing that aligns with more rigorous standards such as the Common Core State Standards and Next Generation Science Standards (Green, & Dixon, 1993; Jimenez-Aleixandre, Rodriguez, & Duschl, 2000; Lemke, 1990; Rijlaarsdam, et al., 2006) . Although the Common Core State Standards and Next Generation Science Standards place an emphasis on developing students' capacities to make arguments and understand the nature of evidence in the scientific domains, our study reveals that many of the students in even historically better schools in terms of writing instruction may not achieve these standards in their writing. The reasons for this are likely multiple including, as other researchers have found, (Owen, 2001; Tsai, 2002) , that oftentimes teachers' beliefs about the nature of science as it might be revealed in discourseincluding writing -is reproduced rather than constructed. However, as standards and standardized testing requirements shift to a stronger emphasis on more advanced disciplinary discourse, secondary science teachers may change their beliefs about the value of writing and may be offered guidance and support in developing their understandings of the epistemological foundations of scientific knowledge and how these are expressed in different kinds of writing.
The building blocks may already exist for this transformation. Our analyses revealed that even some forms of mechanical writing such as short answers, that are already part of many science teachers' repertoires, may facilitate adolescents' development in argumentation and explanation if they are well-prompted and scaffolded. As Langer and Applebee noted in their study decades ago, "writing tasks differ in the breadth of information drawn upon and the depth of processing of that information that they invoke" (1987, p. 131) . So, while we noted that reading response and lab report tasks were associated with higher levels of complexity overall, we also identified those that were not. We also found writing samples that qualified as mechanical (e.g., short answer and symbolic) in which students engaged in articulating detailed understandings going well beyond recall of facts and others that were of higher epistemic complexity. In the end, the nature of the task and prompt matter a great deal as we have highlighted in our illustrative examples, and teachers can learn how to use writing to achieve different aims if they also understand how to construct the tasks and prompts carefully.
Our earlier discussion of the epistemology of science and its relationship to epistemic complexity in writing may shed some insight into questions teachers may have as to why certain writing tasks and prompts might be proposed in particular ways. Drawing on Kuhn & Crowell's (2011) work in the teaching of dialogic argumentation as a means for students to internalize more mature understandings of the epistemology of science, we glean some guidance as to how teachers might frame writing tasks as a dialogic endeavor. Like the example "odorprints" described earlier, a science writing pedagogy that engaged adolescents in dialogic argumentation including explaining, justifying, and identifying causal relationships with regard to some scientific phenomenon, followed by a task prompting them to express these ideas and their implications in relationship to existing scientific knowledge and theories, might be fruitful. Such an instructional approach may help students begin to grasp the epistemological underpinnings of science content while also developing their disciplinary writing competence. Secondary school teachers of science in an era of the CCSS and NGSS and guided by an emphasis on the development of 21 st Century dispositions and skills might consider the kinds of writing tasks and prompts associated with higher levels of epistemic complexity such as these as essential components of adolescents' preparation for the workplace or post-secondary study. As we noted in our review of literature, if one of the purposes of writing in science is to "foster deep thinking about science" (Keys, 1998) , then secondary teachers need to think carefully about the intended outcomes of assigning tasks that constrain adolescents to solely recall of facts. This study, informed and complemented by others (Rijlaarsdam, Couzijn, Janssen, Braaksma, & Kieft, 2006; Rivard, 1994; Tsai, 2002; Wellington & Osborne, 2001; Wilcox & Jeffery, 2014) , contributes to the research literature an account of the kinds of writing tasks a variety of students from different secondary school contexts produce. It also offers a potentially useful approach to the analysis of science writing, the results of which might provide some guidance to secondary science teachers in contemplating the qualities of writing tasks as they relate to intended outcomes. If, as we have argued, one of the values of writing in science is to prompt deep understanding of contentincluding the epistemological underpinnings of scientific knowledge, and ultimately build dispositions and skills to engage in and with the scientific community as young adults, further investigation beyond this study is needed. Studies exploring the relationships between the qualities of tasks and prompts and levels of epistemic complexity in a broader sample of adolescents' writing may help build a stronger and deeper conceptualization of science writing development and its pedagogical applications. 
